Abstract The cost and utility of surgery for a herniated lumbar disc has not been determined simultaneously in a single cohort. The aim of this study is to perform a cost-utility analysis of surgical and nonsurgical treatment of patients with lumbar disc herniation. Ninety-two individuals in a cohort of 1,146 Swedish subjects underwent lumbar disc herniation surgery during a 2-year study. Each person operated on was individually matched with one treated conservatively. The effects and costs of the treatments were determined individually. By estimating quality of life before and after the treatment, the number of quality adjusted life years (QALY) gained with and without surgery was calculated. The medical costs were much higher for surgical treatment; however, the total costs, including disability costs, were lower among those treated surgically. Surgery meant fewer recurrences and less permanent disability benefits. The gain in QALY was ten times higher among those operated. Lower total costs and better utility resulted in a better cost utility for surgical treatment. Surgery for lumbar disc herniation was cost-effective. The total costs for surgery were lower due to lower recurrence rates and fewer disability benefits, and surgery improved quality of life much more than nonsurgical treatments.
Introduction
The herniated lumbar disc is the most common specific low back pain problem [13] . The treatment is conservative or surgical, the latter usually restricted for patients with severe symptoms [2, 22] .
In order to investigate the effects and utilities of ''everyday'' treatments on common back problems, a longitudinal 2-year study was simultaneously undertaken in six different countries (Germany, The Netherlands, Denmark, Israel, the USA and Sweden) [10] . Almost no positive effects on pain, back function, work ability (sick-listing) or patient-reported utility could be revealed in any of the countries [10] . The only positive exception was after surgery for a herniated lumbar disc. Disc surgery improved pain in four out of the six participating countries, and back function and return to work rate (RTW) in only one country (Sweden) [4] .
In the few studies where surgical treatment of a herniated lumbar disc has been compared with nonsurgical treatment, the conclusion usually has been that surgical treatment is more beneficial than nonsurgical within the first 5 postoperative years. After that time, the differences between the two have been found to level out [2, 9, 17, 22, 23] .
By introducing utility as an outcome measure, the patients' own opinions of the health outcome consequences of the actual treatment are evaluated.
By further relating the costs for obtaining an improved utility, the cost-utility of the actual treatment can be determined as well. The utility of a treatment can be determined in different ways; but a health utility index, for example EQ-5D, is a complete system applicable for such analyses [3, 7, 12] . As far as we understand, the cost and utility of surgery for a herniated lumbar disc have never before simultaneously been determined [17] .
The main objective of the present study was to perform a cost-utility analysis of disc surgery and nonsurgical treatments by using a health utility index and the costs for the individuals participating in the Swedish part of an international cohort study.
Materials and methods

Study population
A cohort of employed men and women between 18 and 59 years sick-listed at least 28 days due to either low back problems or neck problems was selected consecutively by the social insurance offices in five regions of Sweden between 1994 and 1995. Self-or unemployed, or those who had generalized arthritis, spinal fracture, tumour, infection or had had back surgery during the preceding year, as well as women suffering from back pain in connection with pregnancy, were excluded from the study. All cases involved carried an ICD-9 code (WHO 1977) 721, 722, 723 or 724.
Design
This study was a prospective registry and questionnaire cohort study with postal, self-administered questionnaires after 28 and 90 days, 1 and 2 years, combined with special diaries as well.
The cohort
The study included 1,822 individuals. The first questionnaire was answered by 1,393 of the subjects, the second by 1,146 persons, the third by 1,007 persons and the fourth by 887 persons. A comprehensive overall analysis of nonresponders revealed a higher proportion of younger people; males and persons sick-listed a shorter period [11] . Complete sick-listing information for the entire study period was obtained for all 1,822 persons (100%).
Pain drawing
In all four questionnaires, the participants were asked to mark pain distribution on a pain drawing and pain intensity on a visual analogue scale (VAS). The pain drawings were analyzed with the use of a specially developed, validated computerized system resulting in a likely diagnosis according to the pain distribution, e.g. lumbago, sciatica, lumbago-sciatica.
Disc surgery group
Ninety-two individuals in the study reported that they had undergone surgery during the 2-year study period due to a lumbar disc herniation. A herniated disc being the cause for surgery was later confirmed through the hospital files. Fifty-three percent were women, and the mean age for the group was 43 years . Among those in the surgical group, 80% reported sciatica (pain radiating below the knee) in one or both legs, preoperatively.
Matched controls
To allow comparisons between those operated for a herniated disc and those treated conservatively for the same type of symptoms, nonoperated persons in the cohort with as similar characteristics as possible were individually matched with those operated, ( Table 1) . The matching procedure controlled for gender, age, diagnoses, pain distribution, pain intensity and the presence of sciatica. Great effort was especially made to find individuals with similar pain intensity and pain distribution since change in pain severity was the single most significant result after surgery in the international comparison [10] .
The questionnaire study
The four questionnaires included questions assumed to reflect three main domains: medical or health, socio demographic and occupational characteristics. As a complement to the questionnaires, every person was asked to note in a special diary all contacts, referrals, appointments, admissions type of examinations and treatments for the ongoing spinal problems. The questionnaires incorporated also a number of validated instruments concerning quality of life, pain, back function, pain drawing, etc.
EuroQol (EQ-5D)
EuroQol-5D provides a measure of overall healthrelated quality of life based on five dimensions (physical activity, activity of daily living/ADL, work ability, pain and depression/anxiousness), with three levels of answers and a rating scale. Utility values between 0 (death) and 1 (full health), for the different possible combinations of answers have been obtained using the time trade-off method. The EQ-5D social tariff, estimated from a representative sample of the UK population, was used to convert the individual's responses to the EQ-5D questionnaire at baseline and 2 years [3, [5] [6] [7] .
Hannover AD This is a back-specific battery of questions which measures functional restrictions caused by back problems and includes 12 separate questions [15] .
von Korff pain scale With seven questions, this scale measures pain experienced during the last 6 months [16] .
Cost of illness
Direct costs
Direct costs consist primarily of medical costs, such as those for diagnostics, treatment, hospital admissions and rehabilitation, and also include certain expenditures due to the illness or disease, such as travel and time expenses for an appointment.
The latter types of costs were not accounted for in this study. Therefore, only the direct medical costs for the then-current back pain were estimated [11, 20] .
Indirect costs
Indirect costs are usually defined as the costs due to production losses and related societal costs to society due to morbidity and mortality. In the case of back pain, production losses can be the result of work absenteeism and disablement. Since the mortality risk of a disc herniation is negligible per se, the costs for morbidity only are included in this study [14] , [20] .
The human capital approach was used in the study. It is based on the assumption that earnings reflect productivity; indirect costs are often restricted to the earnings lost [7] .
The costs of work absenteeism due to back pain were estimated by multiplying the total number of days sick-listed with the cost per time unit. The latter equals the monthly salary plus the employer's payroll taxes converted into a daily cost. For those individuals who were granted permanent disability benefits during the study period due to their then-current problems, the production loss was calculated up until the first day of senior citizen pension (at 65 years). A 5% discount rate and an assumed annual increase in productivity of 1.5% were used to convert future years production loss to present values [11] Quality of life In this study, health-related quality of life (HRQoL) was the important outcome. The focus was on how well the treatments (surgery or nonsurgery) improved the patient's functional restrictions (Hannover ADL), pain (von Korff), mobility, self-care, daily activities, and pain and anxiety (EQ-5D), i.e. the subject's perception of his/her own HRQol [6, 7, 18] (Table 1) .
Changes in the quality of life were measured with health-related quality-of-life instruments (EQ-5D). The quality-of-life can be combined with changes in quantity of life, as measures in life-years, (e.g. lives saved). In such a way, the number of quality-adjusted life years (QALY) gained by a particular intervention can be determined. If, for example, an individual reports a certain health condition valued as worse than full health, the reported condition can be quality adjusted with a quality of life value (e.g. the EQ-5D value) ranging between 0 (death) and 1 (full health). Every life year is then multiplied with the individuals reported EQ-5D value. If for example, the individual's quality of life is valued at 0.7 and the remaining life is 10 years, then the number of QALYs is 7.
Cost-utility analysis
Cost-utility analysis (CUA) refers to a particular form of cost-effectiveness analysis where the outcome is measured in terms of QALY gained. This can be compared with the total cost of the program to determine the cost per QALY gained [18, 19] . The CUA allows broad comparisons across differing and not necessarily comparable programs.
Statistics
Each person in the surgery group was individually paired with a person not operated on. The purpose of the matching was to control for confounding effects that might influence comparisons between the groups. For each subject of the surgery group, a subject from the nonsurgery group having the same age, gender, pain distribution, pain intensity and diagnosis was selected. If a person of exactly the same age could not be found, a person closest in age was chosen.
For comparison between the surgery and nonsurgery groups at a single time, independent two samples T test was used when the means had a normal distribution, otherwise the Mann-Whitney test for nonparametric comparisons was applied. For withinsubject comparisons of measurements obtained at 28 days and 2 years, the paired T test for parametric comparisons and Wilcoxon signed rank test for nonparametrics were used. The median was consequently used for the EQ-5D values since they were not normally distributed.
Results
Cost of illness
Direct costs
The direct costs for every appointment, admission, examination and treatment during the 2-year study, and the mean total costs for the surgical group and the nonsurgical group are presented in Table 2 . The mean direct cost for the group treated surgically was five times greater than for the group conservatively treated, $10,311 and $2,068, respectively.
The single greatest cost difference between the two groups was noted for the surgical procedure itself, including the subsequent hospital admission and related costs.
Indirect costs
A relatively high proportion of those in the nonsurgical group returned to work already within the first 2 months. However, the RTW rate during the same period among those in the surgical group was lower, thus resulting in a longer and more expensive initial sick-listing period. This was mainly due to the fact that The cost for a plain X-ray examination was included in the cost for outpatient visit to a physician and in that way included in the direct costs b MRI or CT was not differentiated in the questionnaires c
The cost for drugs was calculated as an average daily cost for each individual surgery was performed after a mean of 132 days; once surgery was performed it resulted in a relatively prompt RTW and a subsequent cessation of the sicklisting (Table 3) . Although surgery had a distinct positive effect on the RTW, the relatively long sick-listing period while waiting for surgery resulted in higher initial indirect costs as compared to the nonsurgical group (Table 4) . The recurrence rate of sick-listing due to back problems after the end of the initial sick-listing period was much lower in the surgical than in the nonsurgical group during the 2-year follow-up (Table 3 ). In spite of the low recurrence rate among the operated, the mean cost for sick-listing, both for the initial sick-listing and the recurrences were still higher for the surgical group than the nonsurgical group (Table 4) .
No permanent disability benefits were provided to the subjects operated for a herniated disc during the 2-year follow-up. In the nonsurgical group, eight subjects received such benefits during the same period solely due to a ''disc diagnosis'' (Table 4) .
When taking into account the costs for initial sicklisting, sick-listing during recurrences and for permanent disability, including future projected production losses (up until the time of compulsory senior citizen pension, usually 65 years), the indirect costs were lower in the surgical group $32,807 than in the nonsurgical group $42,570 (Table 4) .
Total costs
The mean total costs, including both direct and indirect costs, for those operated for a disc herniation during the 2-year study and for those treated conservatively, mounted to $43,118 and $44,638, respectively. The direct costs accounted for 24% of the total costs for the surgical group and 5% for the nonsurgical group.
Quality of life
After 2 years, both back function and pain had improved (P < 0.000) for those treated surgically (Table 5 ). For the subjects in the nonsurgical group, pain had improved significantly; however, back function had not during the 2-year period (Table 5) . Notably the initial back function was more severely deteriorated among those in the surgical group.
Utility
When quality of life was measured using the healthrelated QoL instrument EQ-5D, the initial preoperative median value (after 28 days) was 0.362 (mean 0.403). About 1.5 years postoperatively, the corresponding EQ-5D value had increased to 0.725 (mean 0.628) (P value 0.000) for the surgical group. For those in the nonsurgical group, the initial EQ-5D median value was 0.689 (mean 0.474), whereas it was 0.725 (mean 0.610) (P value 0.005) at the 2-year follow-up. When the initial values of the two groups were compared, it was evident that those subsequently undergoing surgery had more restricted back function and a quite lower QoL than those treated without surgery. There was, however, no difference between the initial pain intensity experienced in the two groups (Table 5 ).
QALY
The gain in QALY 1.5 years after surgical intervention 0.363 (mean 0.225), whereas it was 0.036 (mean 0.136) for the nonsurgical group, both of which were statistically significant (Table 6) .
Cost-utility analysis
The duration of the gain in QALY was regarded here as the duration of the study itself, that is 2 years ( Table 7) . The difference in utility between 28 days and 2 years was used as the gain in QALY. Since the surgical procedure was performed at different times during the first year, the gain in QALY was multiplied by 1 (year). The effect difference between surgery and nonsurgery, 0.327, indicates that the cost for the improvement in utility was $4,648 per QALY gained. In spite of the high direct costs for surgery, the values reported in Table 7 reveal that surgical treatment had a better cost-utility than nonsurgical treatment in the present comparison.
Discussion
Earlier studies have shown that surgical discectomy is a cost-effective procedure in selected patients [17] . This study confirms the cost-effectiveness of this procedure and provides results demonstrating that surgery for a disc hernia in subjects with severe symptoms is a valuable procedure from a utility, as well as a costutility standpoint. By combining not only quality of life outcome measures, but also costs as well, the present study was in favor of surgery in carefully selected patients. Even if pain intensity and back function are important measures of back problems, pain and disability are related to each other, but they are not synonymous [21] . In spite of the high costs for surgery itself and the fact that quite many of those operated on were sicklisted while waiting for surgery, this common surgical procedure was more cost-effective than nonsurgical treatment. The tenfold improvement in quality of life was the largest contribute to the higher gain in QALY surgery. The lower total cost for surgical treatment was an additional contribute, and was due to the lower recurrence rate of sick-listing episodes and much lower rate of permanent disability, indicating the importance of including work disability as an outcome measure in a cost-utility study of this type.
In comparison, the cost-utility value of $4,648 for one QALY for disc surgery is regarded as a low cost [8, 17] . Studies have indicated a tolerable cost for the gain of one QALY to be approximately $78,078 [8] . It must be remembered that this relatively low cost for one QALY was achieved after a study period of only 2 years. According to Weber [23] , the outcome after disc surgery is superior to that of nonoperative treatment at least for the first 5 postoperative years. The risk for recurrence of a disc hernia is small and seems to be even smaller after the first postoperative year [13, 14] . It is therefore quite likely that the gain in QALY found in the present study will last for a longer time period, possibly for life. If that assumption is correct, the cost-utility for disc surgery is even more favorable.
A methodological problem in the present study, as well as in other studies evaluating the effects of surgical discectomy, was to find or define an adequate control group that would reflect at least to some extent the natural course of the symptom-giving herniated disc [1] . A similar problem existed even with Weber's classical study (RCT) [22] . The patients with the most severe symptoms, for example, were excluded from randomization and instead operated on quite early. Some patients in Weber's conservative group with deteriorating problems were moved (crossed over) to the surgical group, while others in the surgical group who were improving while waiting for surgery were later not operated [22] . From a utility standpoint it must also be highlighted that the pretreatment statements in Weber's study were not the patient's self-report of her/his health, but were solely the expert's/professional's statements [22] . The pretreatment statements from both the patient as well as the professional would be ideal.
In the more recent comprehensive, so-called Maine study, the primary selection of patients for surgery versus nonsurgery favored those with more pronounced symptoms for surgery [2] . From this and other studies, it is obvious that patients operated on usually have more severe symptoms. The natural course of the herniated lumbar disc disease is still incompletely known. However, it is known that the prognosis for a relatively fast alleviation of symptoms, in a substantial fraction of the patients with acute symptoms, is quite good [14] . A precondition for an optimal outcome is therefore to avoid surgery for those with a good early prognosis [10] .
The matched controls in the present study were probably quite similar to those used as controls in the Maine study [2] . It is believed, that these groups of patients largely reflect the rather typical patient not operated, i.e. symptoms strongly suggesting a herniated disc yet not severe enough to prompt surgery.
The cases and controls in the present study were almost identical in gender, age, diagnoses, sciatica, distribution of pain and pain intensity. Although the pain intensity was the same, the controls initially had less deteriorated back function and a better QoL. In other words, they were not as affected as those subsequently undergoing surgery. Severely hampered back function and low QoL (EQ-5D) marked the greatest difference between those operated on with success and those not operated on. According to the findings in this study, it is not unlikely that several of the patients belonging to the control group with a low initial EQ-5D value and severely affected back function would have benefited from surgery. The results from the present study further suggest that the opposite might have been true as well, i.e. surgery should have been avoided for some operated patients with a relatively high EQ-5D value or ''good'' back function.
It can be recommended that once the initial conservative expectancy period has elapsed without any or just slight improvement, unnecessary waiting for surgery should be avoided. Unnecessary waiting will only prolong the suffering of the patient and contribute to extra indirect costs.
The results of this study showed that waiting for surgery was too long in many cases (average time of surgery was 132 days after the start of sick-listing).
The propensity for surgery, in the acute as well as in the subacute phase, varies between countries, and between different regions and different surgeons within the same country [2, 10, 13] . Acute surgery (within the first couple of weeks) is rarely considered and only when the pain is intolerable or when the pain is combined with serious neurological impairment. However, some clinicians are much more aggressive and use wider indications for early surgery, thus explaining some of the considerable variation in the rates of disc surgery across different countries [10] . Recently it was shown that the variation in prevalence of disc surgery in Sweden was quite limited, indicating one explanation for the seemingly better results in this country [13, 14] .
In the earlier cited prospective multinational back study, the frequency of disc surgery within the starting 3 months was lower in Sweden than in any of the other participating national cohorts [11] . The rate of ''early'' surgery ( < 3 months) was for example three times higher in the Netherlands and five times higher in the US cohorts [10] . Since the outcomes of disc surgery in the Swedish cohort seemed to be better than in the other countries, it is reasonable to assume that the low early surgical rate in Sweden demonstrated the appropriateness of a reluctant approach to very early surgery. A cost-utility analysis of this international comparison would most probably have shown that the appropriateness was reflected, not only by better QoL after surgery, but also by lower direct and indirect costs as well.
Even though discectomy produced a gain in utility, as shown in the present study there remains concerns that the gain is only temporary and that the results are the same after some years, irrespective of treatment [23] . This is perhaps the main reason why some clinicians assert that the benefits of surgery are frequently not worth the costs. Is the benefit from discectomy worth the risks and costs for patients with a self-limited problem? As done in this study the best answer may be to estimate the cost-utility for a patient with a disc herniation and accept the health-related quality of life as an important outcome. This study found that surgery for a herniated lumbar disc improves utility for those operated, and does so at a relatively low cost. The costutility can perhaps be further improved by optimizing, for example, the time when to undertake surgery and the selection criteria for those patients most appropriate for surgery.
Conclusions
The total cost for the surgical treatment of lumbar disc herniation during a 2-year period was lower than for nonsurgical treatment. The direct cost for surgery was much higher than for nonsurgical treatment, while the indirect cost was lower. The lower indirect cost for surgery was the effect of lower rates of recurrences of sick-listing episodes and permanent disability benefits. Surgery improved pain, back function and health-related quality of life and did so to a greater extent than nonsurgical treatments. The effects on quality of life in combination with the lower costs for surgery resulted in a better cost utility than for nonsurgery. The low cost for one QALY meant that disc surgery was quite cost-effective.
